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In  spite  of  the  great  number of studies dealing with the  thymus 
gland, no unanimity of opinion has been reached in regard to the for- 
mation and fate of HassaU's  corpuscles.  We are reporting the facts 
concerning the formation of these corpuscles as we have found them by 
studying the regeneration of autoplastic transplants in the guinea pig. 
This animal's  thymus normally contains large  numbers of HassaIl's 
corpuscles and is therefore snitable material for such a  study. 
A  review of the thymus transplant literature,  for which the reader 
is referred  to a  previous paper  (I),  shows  that  this  gland has  been 
successfully autotransplanted  subcutaneously,  intramuscularly,  sub- 
peritoneally, intraperitoneally, and into the spleen.  Previous studies 
of thymus transplants have yielded little information concerning the 
thymic elements,  among them Hassall's  corpusdes,  because  the  re- 
generation and growth of the transplants were not traced in detail. 
The  purely  morphological  literature  dealing  with  Hassail's  cor- 
puscles is extensive and will not be summarized.  Numerous theories 
concerning their origin have been developed since 1849 when Hassall 
first described them (2), but he did not discuss their mode of origin. 
In recent years two conceptions concerning the origin of these bodies 
have been recognized: 
First.  Schambacher advanced the theory that I-lassaIl's corpuscles when fully 
developed represent  the remains  of the original  endodermal thymic cords and 
tubules (ducts of Remak), now involuted and hyalinized (3). 
Second.  Hammar elaborated the theory,  that Hassall's corpuscles  are developed 
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by proliferation of the thymus reticulum cells (4).  These cells are endodermal in 
origin and are formed by a  transformation of the epithelial cells of the original 
thymic ducts to a ramified form.  Hassall's corpuscles first appear in the human 
thymus at about the 3rd month of embryonal life. 
Methods. 
Young guinea pigs from 30 to 45 days of age were operated upon under  ether 
anesthesia, with strict asepsis.  To remove the thymus, a  midline incision  was 
made extending from the angle of the lower jaw to the manubrium, the fascia was 
incised, and both lobes of the gland were removed and immediately placed in sterile 
physiological salt solution kept at about 38°C.  The abdominal wall was then pre- 
pared for transplantation by making a midline longitudinal skin incision, reflecting 
the skin, and with a cataract knife making large pockets between the muscle and 
fascia.  Tbe surrounding fat and areolar tissue were dissected  from the thymus 
and each lobe was introduced into a pocket, the mouth of which was then closed 
with a silk ligature. 
The  transplants when  removed were  immediately fixed  in Zenker-formol or 
Bouin's solutions.  The tissues were embedded in paraffin, cut serially, and stained 
with hematoxylin-eosin.  Zenker-formol fixation was not as satisfactory as Bouin's 
for obtaining good pictures of reticulum ceils and mitotic figures. 
Histological Findings. 
Transplants  were studied  at  24 hour intervals from the  1st  to  the 
14th  day,  the  subsequent  stages being  16,  21,  30,  62,  and  120  days. 
The  histological  appearance  of  the  transplant  for  a  given  day  will 
vary  with  many  factors,  such  as  the  size  of  the  lobe  transplanted, 
its  vascularization,  the  thickness  of  the  transplant  in  the  region 
through  which  the  section  was  taken,  and  the  age  of  the  animal. 
Therefore  the  interpretation  of  the  Mstological  picture  necessitates 
consideration  of these factors, and a  composite picture of the  succes- 
sive stages of degeneration,  regeneration,  and  growth of the thymus 
can be drawn only after a  study of many serially cut transplants.  On 
the whole, the conditions are as follows: 
1 Day.--The thymic lobules are large, and the transplant is degenerating.  A 
peripheral zone of thymus ceils 10 to 12 rows deep, still quite normal in histological 
appearance, remains.  The reticulum cells in this zone are actively phagocytic, 
and  are ingesting  the  neighboring  small  thymic cells.  The  most pronounced 
degenerative changes are  seen  in  Hassall's corpuscles,  which  show  diminished 
staining and disappearance of the nuclei,  and fragmentation of the bodies.  The 
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regular clumping with pycnosis and caryorrhexis of the nuclei.  The vessels of the 
pocket show hypertrophy of the endothelial  cells and are engorged; some veins 
contain a~ excess of leucocytes and mononuclear phagocytes; the lymph vessels 
although engorged contain few lymphocytes.  Between the pocket and the trans- 
plant  there  is  edema,  fibroblastic  proliferation,  and fibrin  w/th leucocytes  and 
mononuclears  embedded  in  its meshes.  Numerous  capillaries  have  developed 
about the transplant  and are penetrating its peripheral  zone and vascularizing 
it.  New vessels are also extending  in between  the lobules of the thymus.  No 
mitotic figures are  seen. 
2 Days.--Many more new blood vessels have formed about the transplant and 
the peripheral  zone is well vascularized.  Here hypertrophied reticulum cells are 
phagocytosing the small thymic cells, after which they join the large central mass 
of debris, which now shows greater clumping and agglutination than in the previous 
stage.  All  the  Hassall's corpuscles in  the  transplanted  tissue  have undergone 
complete  degeneration. 
3 Days.--The histological picture is essentially like that of the 2nd day, but with 
greater hypertrophy and phagocytic activity of the peripheral  reticulum  cells 
and progressive vascularization  of the transplant. 
4 Days.--Active  regeneration has begun in the peripheral zone which has become 
much widened through hyperplasia of the reticulum cells, many of which are divid- 
ing mitotically.  This zone is  in  some places  entirely  devoid  of thymic round 
cells, while in other places clumps of these cells with an occasional division figure 
are seen.  Hassall's  corpuscles now appear here as spherical bodies measuring up 
to 150 micra in diameter and extending  through the tissue  for several hundred 
micra.  The core of such a body consists of a degenerated mass of pinkish staining 
protoplasmic  and nuclear  material,  arranged  somewhat  concentrically  in  wavy 
strands.  Many reticulum  epithelial  cells surround  this core, and are sometimes 
massed acentrically  because of rapid amitotic division  at one point. 
These Hassall bodies are formed when clumps of actively hyperplastic  reticulum 
cells are spent and  degenerate.  Concomitantly the surrounding reticulum  cells 
proliferate  and  clothe  the degenerating  cells which eventually become  the core 
of the Hassall's body. If the proliferation is acentric, a giant cell-like structure may 
be formed about the core.  These bodies are true Hassall's corpuscles but atypical 
in histological appearance  because they are produced  ve~ rapidly. 
5 Days.--The reticulum  cells are enlarged, polyhedral, and vacuolated.  Numer- 
ous newly formed atypical Hassall's corpuscles are being added to the central mass 
of debris.  Through active division  in situ the small round thymic cells are in- 
creasing in number.  Infiltration of these cells from the outside may be definitely 
excluded. 
6 Days.--The changes are like  those  described  for the 5th day only that the 
reticulum  cell  overgrowth  has  progressed.  Compound  atypical Hassall's  cor- 
puscles now appear as a result of the development of multiple areas of degeneration 
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mass, which has been reduced through phagocytosis.  Between the regenerating 
lobules  fibroblasts  have  appeared. 
7 Days.--The transplant appears more lymphoid because of active mitosis of 
the small thymic cells. 
8 and 9 Days.--Small irregular regenerated lobules of thymus appear, in which 
the lymphoid cells are multiplying by mitotic division.  The centers of the lobules 
are occupied by single or conglomerate Hassall's bodies.  When the larger ones 
are traced serially they extend through the lobules for many hundred micra; their 
cores  are  degenerated  reticulum  epithelial  cells.  The  interlobular  spaces  are 
organized by fatty connective tissue and numerous blood vessels have appeared. 
10 Days.--In places  the  hypertrophy of the  reticulum  epithelial  cells  is  so 
marked, that the picture resembles stratified skin epithelium; the atypical Hassall's 
corpuscles appear like the pearls of a malignant epithelioma. 
11 Days.--The centers of the regenerating thymus lobules now consist of hyper- 
trophic reticulum epithelial  cells  with numerous single and  compound atypical 
Hassall's corpuscles,  while  the lymphoid appearing peripheries  show numerous 
dividing small round cells. 
12 to 14 Days.--The thymus lobules, although irregular and smaller than normal 
lobules, have taken on their final form, but central degenerated epithelial  cores 
are still present. 
16 Ddys.--The reticulum epithelial cells are diminished in number; the central 
degenerated masses are reduced in size and are passing from the lobules into the 
interlobular spaces.  The first differentiation of the regenerated thymus into cortex 
and medulla appears. 
21  Days.--Regeneration  of  the  thymus is  now  complete.  The  lobules  are 
lymphoid  in  appearance,  with  numerous  dividing  small  thymic  cells.  True 
Hassall's corpuscles appear now, developed from the reticulum epithelial cells in 
the following way: A  spent reticulum epithelial cell swells  and the surrounding 
reticulum  cells  react by arranging themselves around it.  These concentrically 
arranged reticulum  cells hypertrophy in the effort to phagocytose the original 
injured  cell.  The process may continue until  two or more layers of reticulum 
cells have been added.  In this way the Hassall's corpuscle grows, and as it grows, 
the center degenerates.  The greater the central degeneration, the more active is 
the response of the peripheral reticulum cells.  However, in a 21 day transplant 
only small Hassall's corpuscles are seen, generally not more than 50 to 75 micra in 
diameter, and they consist as a rule of a central degenerated cell with a surrounding 
coat of oI~e or two layers of proliferating epithelial cells. 
30 Days.--The  lobules are distinctly divided into cortical and medullary zones. 
The Hassall's corpuscles are larger, and some solid nmsses of reticulum epithelium 
are also seen. 
62 Days.--The transplant is somewhat involuted and fat appears between the 
lobules.  Hassail's bodies are either small, or large and multiple with central cores 
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leucocytes have been phagocytosed by the proliferating reticulum epithelial cells 
during the formation of the corpuscles  and have not infiltrated these bodies sub- 
sequent to their formation. 
120 Days.--The transplant is involuted and large areas of fat have appeared 
between the small lobules.  The reticulum is prominent, and numerous Hassall's 
corpuscles appear--large atypical bodies similar to those present in a 4 day trans- 
plant, small well formed Hassall's bodies, and conglomerate Hassall's corpuscles 
with large central areas of debris. 
Summary of the Findings. 
When an entire thymic lobe is autoplastically transplanted into the 
abdominal wall of a  young guinea pig, the immediate changes which 
take place are characterized by degenerative phenomena which begin 
within a  few hours, and affect at this time all but a  small peripheral 
zone of the transplant.  The Hassall's corpuscles rapidly degenerate. 
Within 24 hours the reticulum cells in this peripheral zone  hypertro- 
phy, becoming phagocytic.  Vascularization proceeds and many newly 
formed blood  vessels  surround  and  penetrate  the  transplant.  By 
the 4th day the reticulum cells of the peripheral zone increase through 
hyperplasia, while the retained round cells in this zone are phagocy- 
tosed and greatly reduced in number.  Small atypical Hassall's cor- 
puscles now develop in  the periphery  when  the  rapidly  increasing 
reticulum  cells  degenerate.  The  continued hyperplasia  and  hyper- 
trophy of  the  reticulum cells  render  the  transplant  epithelioid  in 
appearance and at this stage Hassall's bodies appear like the pearls 
of a  malignant  epithelioma.  The  central  debris is removed by the 
phagocytic reticulum cells  which  are  rapidly growing in  from  the 
periphery.  The  excess  of  reticulum  tissue  now  undergoes degen- 
eration forming conglomerate atypical Hassall's  corpuscles.  Simul- 
taneously the remaining round cells in the periphery rapidly increase 
by mitosis.  Regenerated thymic lobules are formed and their epi- 
thelioid  centers  show  numerous large  atypical  Hassall's  corpuscles 
which  when  traced  serially  extend  through  the  lobules  for  many 
hundred micra.  When the central debris is phagocytosed, the large 
epithelial Hassall's bodies pass from the lobules into the interlobular 
spaces.  Finally,  regeneration is  complete; the lobules are differen- 
tiated  into  cortical  and  medullary zones,  true  Hassall's  corpuscles 
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hypertrophy of  the  surrounding reticulum  cells.  The  study of an 
involuting  transplant  proves the  common origin of  the atypical and 
true  Hassall's  corpuscles,  the  former being  produced  when  the  de- 
generation  of  the reticulum epithelial cells is rapid,  the  latter  when 
it is slow. 
DISCUSSION. 
Regeneration  of the thymus has been studied by other methods. 
Jonson investigated  the effect  of  hunger and inanition  on the thymus of  young 
rabbits and found, as have others,  that the gland rapidly  involutes. During 
involution the gland  appears epithelial,  and all Hassall's  corpuscles  degenerate, 
disappearing in about 4 weeks.  After 2 weeks of good  nutrition Hassall's cor- 
puscles reappear, but regeneration progresses slowly  (5). 
Rudberg studying the rabbit thymus following x-ray injury noted degeneration 
of the reticulum cells which frequently led to the formation of cyst-like structures 
(6).  The mechanism of the formation of these cysts is probably analogous to that 
of the atypical conglomerate Hassall's corpuscles which appear in a regenerating 
transplant. 
Regaud and Cr6mieu x-rayed the thymus of cats and found that during the 
regeneration Hassall's corpuscles reach their maximum development from 8 to 12 
days after treatment when  they are gigantic and occupy about one-half of the 
parenchyma (7.).  Abou't the time the small thymic ceils reappear, these gigantic 
I-Iassall's corpuscles  rapidly diminish in size.  From 25 to 30 days after x-ray 
treatment, regeneration of the thymus is complete when small  typical Hassail's 
corpuscles appear in the medulla.  That there should be such similarity between 
the changes which these authors observed in the rayed cats' thymus and those 
which we have observed in regenerating transplants is interesting. 
Goldner showed that adrenalin, when injected in large doses over short periods 
of time or in small doses over long periods, caused involutionary changes in Has- 
sail's cor;pusdes (8). 
Fulci, studying the rabbit thymus following cauterization, described epithelial 
overgrowth during regeneration (9).  He believed that both Hassail's corpuscles 
and the small  thymic cells were derived from reticulum cells which he termed 
" Mutterzellen." 
Concentric epithelial Hassall's bodies have been described in four recent reports 
of carcinoma of the thymus.  Foot, who has traced the formation of these cor- 
puscles, believes that they are degeneration products of the carcinomatous reticu- 
lum cells (10).  The tumor which he  described  contained  in  the  necrotic foci 
the outlines of innumerable degenerated Hassall's corpuscles, some of which oc- 
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It may be gathered that large Hassall's bodies can be formed in the 
regenerating thymus after a variety of injuries.  The common origin 
of the atypical and the true Hassall's bodies has been proved in this 
study  and  their  common derivation  from  the  reticulum  epithelial 
cells has been demonstrated, the atypical corpuscle arising when the 
degeneration of these cells is very rapid. 
For a proper understanding of the reticulum reaction of the thymus 
one must remember that the epithelial thymus anlage is not equiva- 
lent in all cases.  In the majority of mammals the anlage is of purely 
endodermal origin,  but  in  some  species,  as  for  example  the  mole 
and guinea pig, it is purely ectodermal, while in others, such as the 
pig, it is of mixed ecto-endodermal origin.  These differences in the 
origin of the anlage are eventually reflected in the histological appear- 
ance of the formed gland, particularly of the reticulum, which in the 
guinea pig consists of large epithelial cells tending to form concentric 
bodies.  Ducts are  rarely seen.  On  the other hand,  the reticulum 
cells of the rat thymus show little tendency to Hassall body formation, 
while ducts are frequently seen. 
Cysts and ducts found in  the fully developed thymus are  either 
remains of the original primary tubules and cords or derivatives of the 
reticulum  epithelial  cells.  The  only  relationship  between  these 
structures and HassaU's corpuscles is that the cells, from which both 
the  ducts  and  I-I~ssall's  corpuscles  develop,  are  derived  from  the 
secondary epithelial cords.  The view that normal Hassall's corpuscles 
represent  the atrophic and hyalinized remains of  thymic  epithelial 
tubules and cords is untenable since actual counts of Hassall's  cor- 
puscles show that there may be an absolute increase or decrease in 
their  number  under  certain  conditions;  they  may  disappear  com- 
pletely from the thymus and then reappear (transplant); and calcu- 
lations show that in involuted thymuses of old animals the number of 
ttassall's  corpuscles may be as much as  7  times  that  observed  at 
birth.  The view that Hassall's corpuscles may be formed throughout 
life must be accepted. 
The Function of the Reticulum Cells and of Hassatl'  s Corpuscles. 
The feeling has often been expressed that the thymus has no impor- 
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angles, I find myself agreeing with this view.  However, the thymus is 
physiologically active in the body, as evidenced by its regeneration 
following suprarenalectomy, delayed  involution after  gonadectomy, 
rapid involution during certain infectious diseases, and the presence 
of an enlarged gland in status  thymicolymphaticus, Addison's, and 
Graves' diseases. 
Concerning Hassall's bodies, I believe that the fully developed cor- 
puscles have no function, being merely aggregates of spent reticulum 
cells  with  central  cores  resulting  from  degeneration of  these  cells. 
The proliferation of thymus reticulum cells, which results in the forma- 
tion of  these corpuscles, may be brought about when the phagocytic 
activity of the reticulum cells is stimulated by toxins, bacteria, or the 
presence of dead or injured cells.  This fact is beautifully illustrated 
when the regeneration of a transplant of a whole lobe in the guinea pig 
is compared histologically with that of a small piece of thymus.  The 
hyperplasia of the reticulum cells in the former is much more marked 
because of the greater necrosis which results in a more vigorous reticu- 
lum cell reaction, leading to  the  formation of more numerous and 
larger Hassall bodies. 
A study of the progressive changes in the transplant suggests that 
the  essential  functions  of  the  reticulum cells  are  proliferation  and 
phagocytosis under the influence of noxious substances.  When these 
reacting reticulum cells degenerate, the  surrounding  reticulum cells 
proliferate, and Hassall's corpuscles with degenerated cores are formed. 
CONCLUSIONS. 
1.  Regeneration of a thymus transplant is characterized by hyper- 
trophy and hyperplasia of the reticulum cells, leading to the formation 
of small and large atypical Hassall bodies during the early stages. 
2.  Regeneration is usually complete by the  3rd  week, when the 
newly formed lobules show differentiation into cortical and medullary 
zones, and typical Hassall bodies appear. 
3.  Typical Hassall's corpuscles are also derived from the reticulum 
epithelial cells. 
4.  These  corpuscles have  no  function, being aggregates  of  spent 
reticulum cells. H~m~  L.  JArFr.  531 
5.  The  thymus  reticulum cells are  actively phagocytic, and  react 
rapidly when noxious influences are exerted on the gland. 
I  wish  to express my appreciation  for the  assistance  which  Miss 
Alma Adler has given me during the course of this work. 
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EXPLANATION OF PLATES. 
PLATE 17. 
Fio. 1. 4 days.  Shows, from left to right, abdominal muscle, connective tissue, 
peripheral zone of transplant with hyperplastic reticulum ceils, and newly formed 
Hassall's corpuscles.  To the right of this zone the agglutinated material of the 
original transplant is seen. 
FIo. 2.  4 days.  High power of three I-Iassall's corpuscles in peripheral zone of 
Fig.  1.  One shows a core of degenerated protoplasmic and nuclear material sur- 
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FIG. 3.  10 days.  The reticulum epithelial cells show marked hypertrophy, the 
picture resembling stratified squamous epithelium in places.  Hyaline degenera- 
tion with the formation of large atypical Hassall's bodies takes place. 
Fm 4.  12 days.  Shows a regenerated thymic lobule with a central degenerated 
epithelial core--large atypical Hassall's corpuscle. 
PLATE 18. 
FIG  5.  16 days.  The central degenerated cores passing from the lobules  into 
the interlobular spaces. 
FIG. 6.  30  days.  A  completely regenerated lobule  containing  typical small 
Hassall's corpuscles. 
FIG. 7.  30 days.  High power of Fig.  6 showing  two small typical Hassall's 
corpuscles. 
FIG. 8.  120 days.  An involuting transplant with typical small, typical con- 
glomerate, and atypical Hassall's corpuscles.  The corpuscle seen near the center 
is similar to those in the peripheral zone of a 4 day transplant. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. XLIV.  PLATE 17. 
(Jaffe:  Autoplasfic thymus transplants.  I[.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLIV.  PLATE  18. 
(Taff¢: Autoplasti¢  thymus transplants.  II.) 